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ABSTRACT 

[Secret] 

The  four-stage  Trailblazer  lla  was  launched  from 
Wallops  Island  for  the  purpose  of  studying  phenomena  asso¬ 
ciated  with  the  high  speed  reentry  bodies.  The  Madre  radar 
observed  portions  of  the  trajectories  of  all  four  stages. 
The  first  stage  was  observed  throughout  the  most  of  its 
flight.  The  second  stage  was  observed  on  the  way  up  until 
it  left  the  antenna  pattern  and  again  on  the  way  down  when  it 
reappeared  in  the  antenna  pattern.  The  other  two  stages 
were  observed  just  prior  to  and  during  reentry. 


PROBLEM  STATUS 

This  is  an  interim  report  on  one  phase  of  the  problem; 
work  is  continuing  on  this  and  other  phases. 


AUTHORIZATION 

NRL  Problem  R02-23 
Project  RF  001-02-41-4007 
MIPR-30-635-8-160-6136 
MIPR  60-2134 
ARPA  180-61 


Manuscript  submitted  July  10,  1962. 
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A  MADRE  EVALUATION  REPORT  V 
[  Unclassified  Title] 

DETECTION  AND  ANALYSIS  OF  TRAILBLAZER  IIA 
(Secret  Title] 


Madre  is  a  high  frequency  coherent  doppler  radar  located  at  the  Chesapeake  Bay 
Annex  of  the  Naval  Research  Laboratory.  It  has  been  in  operation  for  several  months 
and  is  normally  used  for  over-the-horizon  detection  of  aircraft  and  rocket  powered 
launches  on  the  Atlantic  and  Pacific  Missile  Ranges.  Details  of  the  operation  of  Madre 
can  be  found  in  a  number  of  reports.  One  of  these  is  NRL  Memo  Report  1251,  1  Decem¬ 
ber  1961,  “A  Madre  Evaluation  Report,”  J.  M.  Headrick,  et  al. 

Recently  Madre  has  been  used  a  number  of  times  for  direct  observation  of  launches 
of  interest  from  Wallops  Island,  Virginia.  The  launch  site  is  approximately  70  naut  mi. 
from  the  Madre  site.  The  Trailblazer  Ha  was  such  a  launch. 

The  Madre  parameters  for  the  test  were  as  follows; 


Power  Radiated 
Frequency 
Repetition  Rate 
Pulse  Length 
Antenna  Gain 
Antenna  Direction 


100  kw  average 
26.6  Me 
180  pps 
350  ^s 

IS  db  one  way 
142° 


The  Trailblazer  rocket  vehicle  is  a  unique  research  tool  which  has  been  developed  to 
study  the  physical  phenomena  which  occur  during  reentry  of  high  speed  objects  into  the 
earth’s  atmosphere.  Trailblazer  lla  consisted  of  four  stages.  Two  of  the  stages,  namely 
a  Castor  engine  and  a  Lance  engine,  were  used  to  propel  the  vehicle  upward,  and  the  other 
two  stages  were  used  to  fire  the  payload  downward  to  provide  a  high  speed  reentry  body. 

The  high  speed  reentry  body  is  a  metal  s|^ere  with  a  15-inch  diameter.  The  design  reentry 
speed  is  a^ut  14,000  knots. 

The  vehicle  was  launched  from  Wallops  Island  on  14  December  1961  at  2:09:48  a.m. 
EST.  The  Madre  radar  observed  portions  of  the  trajectories  of  all  four  stages.  The  first 
stage  was  observed  through  most  of  its  trajectory.  The  second  stage  was  observed  on  the 
way  up  until  it  went  out  of  the  antenna  pattern  and  again  on  the  way  down  when  it  reentered 
the  antenna  pattern.  The  other  two  stages  were  observed  just  prior  to  and  during  reentry. 

Complete  trajectory  post  flight  data  has  not  been  available,  therefore  Fig.  1  is  a 
representation  of  the  trajectories  as  reconstructed  from  Madre  data.  Hie  broken  lines 
represent  the  lobes  in  the  vertical  antenna  pattern.  The  power  in  the  fifth  lobe  is  down 
by  about  3  db  and  falls  away  rapidly  with  increases  in  vertical  angle.  This  means  that  the 
second,  third  and  fourth  stages  were  not  observed  during  large  portions  their  trajec¬ 
tories.  In  reconstructing  the  observed  portions  of  the  trajectories,  the  slant  ranges  were 
measured  directly,  the  heights  were  calculated  from  the  antenna  lobe  structure  and  the 
timing  was  taken  from  WWV.  In  reconstructing  the  unobserved  portions  of  the  trajectories, 
a  parabolic  path  was  assumed  for  the  second  stage.  This  was  not  the  most  accurate  choice 
since  the  Madre  radar  was  not  in  the  plane  of  the  trajectory,  but  it  was  made  for  simplicity. 
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Fig.  1  -  Trajectory  geometry  reconstructed  from  Madre  data.  Note  the  curved  Earth. 


Velocity  calculations  from  this  path  would  be  inaccurate.  Apogee  was  obtained  from  post¬ 
flight  data  supplied  by  Lincoln  Laboratories,  as  was  the  times  of  the  third  and  fourth  stage 
ignitions.  Air  resistance  was  neglected. 

For  the  purpose  of  understanding  the  remaining  figures  some  details  of  the  Madre 
receiving  system  will  be  given  here.  The  receiver  converts  the  received  signals  to  a 
zero  or  near  zero  IF  and  these  signals  are  passed  through  a  set  of  comb  filters  which 
reject  the  ordinary  backscatter  clutter  by  rejecting  the  repetition  rate  frequency  and  all 
of  its  harmonics  plus  a  few  cycles  on  either  side  of  these  frequencies.  The  doppler  fre¬ 
quency  from  each  target  will  appear  around  zero  frequency  and  around  the  repetition  rate 
frequency  and  its  harmonics.  The  recede  and  approach  dopplers  were  not  resolved  for 
this  test,  although  it  can  be  done  easily.  Therefore,  around  zero  frequency  and  180  cps 
both  recede  and  approach  dopplers  will  appear.  For  example,  in  Figs.  2  and  3,  there 
appears  the  approach  doppler  associated  with  zero  frequency  and  the  recede  doppler 
associated  with  180  cps.  The  data  presented  here  were  taken  from  the  output  of  the  comb 
filters  and  recorded  on  magnetic  tape.  A  Kay  Vibralyzer  was  then  used  to  spectrum  ana¬ 
lyze  the  tape. 

The  Madre  radar  also  employs  a  real  time  analysis  system  which  was  in  operation 
during  this  test.  The  display  of  this  analysis  does  not  give  a  detailed  time  history  and 
since  they  would  not  add  substantially  to  the  results  presented  here  those  data  will  not  be 
presented. 

Figures  2a,  2b,  3a  and  3b  are  the  complete  records  of  the  doppler  versus  time  infor¬ 
mation  that  were  ol^lned  during  the  test.  The  thick  black  line  near  180  cps  is  the  doppler 
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freijuency  of  a  local  aircraft.  Hie  60  cpa  lines  associated  wtth  aero  cps  and  180  eps  can 
be  seen  and  they  are  eaosed  by  equ^nMid.  A  suadwr  ol  very  higb  aceelenttioB  te^iMs 
will  be  noted  throui^trt  the  spectrum-time  record.  These  returns  vdiose  doppler  changes 
by  90  cps  in  a  second  or  so  are  from  meteor  entry  ionization.  The  regular  fading  of  the 
target  is  due  to  its  presence  in  an  antenna  null.  Details  of  the  vertical  antenna  pattern 
have  been  published  in  NRL  Memo  Report  1316  of  1  February  1962,  *A  Madre  Evaluation 
Report  m  (U),*  J.  M.  Headrick,  et  al. 

In  Fig.  2a,  the  target  is  first  detected  at  about  To-t-10  seconds  or  10  seconds  after 
launch.  Castor  burnout,  separation  and  Lance  ignition  were  designed  to  occur  at  about 
To-t-35  seconds.  Ibe  record  shows  a  target  acquiring  more  acceleration  from  about  To-t-3S 
to  about  To-*-40  seconds.  Lance  burnout  was  designed  to  occur  at  about  To-*-42  seconds. 

At  about  this  time  both  the  Castor  and  the  Lance  appear  on  the  record.  Ibe  Lance  doppler 
is  the  weak  signal  that  starts  at  about  30  cps  at  42  seconds.  It  passes  into  an  antenna  null 
at  To'4-43  seconds,  emerges  at  To-«-45  seconds  at  about  60  cps,  passes  into  another  null 
from  which  it  emerges  at  Tq+SS  seconds  and  finally  into  another  null  from  which  it  emerges 
at  Tg-fSS  seconds  and  near  M  cps.  It  finally  disappears  at  about  To-t-62  seconds.  This 
weak  signal  is  more  evident  if  the  record  is  observed  at  grazing  angle.  The  rest  of  the 
record  from  To'»^42  seconds  to  Tq+ISS  seconds  shows  the  doppler  associated  with  the 
ballistic  trajectory  (rf  the  first  stage  Castor  at  which  time  it  drops  out  of  the  antenna 
pattern. 

Figures  3a  and  3b  are  the  record  of  the  other  three  stages  on  their  return  to  earth. 

At  about  To-t-39S  seconds,  a  weak  skin  track  of  the  high  velocity  sphere  appears  and  is 
followed  by  the  enhancement  due  to  reentry  ionization  from  To-t-398  seconds  to  To-i-402 
seconds.  The  slant  range  to  this  target  was  170  naut  ml. 

At  about  To-*'404  seconds  the  skin  track  from  the  next  to  last  stage  appears  and  the 
reentry  enhancement  occurs  at  To-*-409  seconds.  The  slant  range  to  this  target  was  about 
182  naut  ml. 

At  about  To-^488  seconds  the  skin  track  from  the  Lance  appears,  decelerates  and 
finally  disappears  at  about  513  seconds.  The  slant  range  to  this  target  was  270  naut  ml. 

Although  this  is  the  first  report  of  a  Trailblazer  detection  from  the  Madre  site  at  the 
Chesapeake  Bay  Annex,  other  Trailblazer  detections  have  been  accomplished  by  a  back- 
scatter  radar  from  NRL,  Washington,  D.  C.  site.  A  summary  of  these  may  be  found  in 
NRL  Memo  Report  1176  of  1  June  1961,  “High  Frequency  Radar  Observations  Made  on 
Trailblazer  Ig,”  S.  R.  Curley,  et  al.  Some  conclusions  reached  in  this  earlier  report 
may  have  to  be  changed  in  the  light  of  new  data  presented  in  this  report. 
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Fi^2b  -  Doppler  frequency  vereus  time  record  for  the  launch  phase 
The  ordinate  represents  time  in  seconds  after  launch  time  |  Tq). 
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Fig.  3a  •  Ooppler  frequency  veraua  time  record  for  the  reentry  phase. 
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Fig.  3b  -  Ooppler  frequency  versus  time  record  for  the  reentry  phase. 
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Attn:  C-3141  76 

Westlnghouse  Electric  Corp.,  Defense  Center-Baltlmore, 

Technical  Information  Center,  P.O.  Box  1693,  Baltimore,  Md.  77 

Institute  of  Science  &  Technology,  The  Univ.  of  Michigan, 

P.O.  Box  618,  Ann  Arbor,  Mich. 

Attn:  BAMIRAC-ad  78 

Systems  Branch,  US  Army  Scientific  Liaison  &  Advisory  Group 
P.O.  Box  7157  Apex  Station,  Wash.  4,  D.C. 

Attn:  Mr.  Richard  A.  Krueger  79 

Aero  Geo  Astro  Corp.,  P.O.  Box  1082,  Edsall  &  Lincolnia  Roads 
Alexandria,  Va.  80 

Director,  DASA  Data  Center,  P.O  Drawer  QQ,  Santa  Barbara,  Calif.  81 

ASTIA,  Arlington,  Va. 

Attn:  TlPDR  82-91 


SECRET 


MEMDRANEX3M 


20  February  1997 

Subj  :  Document  Declassification 

Ref;  (1)  Code  5309  tfenorandum  of  29  Jan.  1997 

(2)  Distribution  Statements  for  Technical  Publications 
NRL/FU/5230-95-293 

Enel ;  (a)  Code  5309  l^femorandum  of  29  Jan.  1997 

(b)  List  of  old  Code  5320  R^x)rts 

(c)  List  of  old  Code  5320  Memorandum  Reports 

1.  In  Enclosure  (a)  it  vjas  recemmended  that  the  following  reports  be  declassified, 
four  reports  have  been  added  to  the  original  list: 

y  /  J  J  j  J  \/  ^  /  J  ^ 

Fonml:  5589,y5811,  5824  ,  5825^5849,,  5862'  5875,  5881,  ,  5903,/ 5962  ,,6015,  ,  6079,  , 

6148*^6198!^  6272,^  6371,^  6476, *^479^  6485^6507,^6508 ,'^6568/  6590/  6611,  6731,  6866,*^ 

7044,*^  7051:  7059,*^  7350,*^ 7428,*'  7500,“^ 7638,'^ 7655.*^  Add  7684:  7692. 

/  /  «/  /  y  J  J  J  /  y  </ 

Memo/  ^  1251, ,  1287, y  1316,’'  1422,  *11/1500,  1527,/1537,, 1540/1567^  1637,  1647,  . 
1727,  1758,,  1787, */1789,/ 1790,^181/  1817,^  1823,^ ISSSf  1939,*^  1981:  2135,  2624, *^2701, 
2645,*^ 272i:  2722 ,*^2723,  2766. Add  2265,*^2715.‘^ 


The  recarmended  distribution  statement  for  the  these  reports  is: 

public  release;  distribution  is  xmlimited. 


Approved  for 


2.  The  above  reports  are  included  in  the  listings  of  enclosures  (b)  and  (c)  and 
were  selected  because  of  familiarity  with  the  contents.  The  rest  of  these  docunrents 
very  likely  should  receive  the  same  treatment. 


Code  5309 


Cepy: 

Gode.J221 

Code  5300 
Code  5320 
Code  5324 


